INTRODUCTION
Extracellular stimuli evoke very rapid transcription of an array of immediate early genes such as c-fos, Egr1/Zif268, Arc/Arg3.1 and Homer1a (Herdegen & Leah, 1998) . Among the immediate early genes, c-fos was discovered very early and has been studied in detail subsequently (Durchdewald et al., 2009) . Egr1 is similar to c-fos as transcription factor, but basal expression level is high compared to c-fos and the time course of expression is different (Zangenehpour & Chaudhuri, 2002; Veyrac et al., 2014) . Unlike c-fos and Egr1, Arc is not a transcription factor, but the mRNA and protein are localized in dendrites at sites of synaptic activity mediating synaptic plasticity ("effector" immediateearly gene) (Bramham et al., 2008) . Homer1a is similar to Arc in localization and function, but slower in mRNA expression than Arc (Vazdarjanova et al., 2002; Hu et al., 2010) .
In addition to the detection of mRNA and protein, recently other molecular markers or functional tools could be attached to the Fos gene to amplify the Fos signal detection or to provide other manipulations including optogenetic and chemogenetic stimulations (Kawashima et al., 2014) . However, all of these tools still depend on the experimental condition of c-fos expression. Thus, the nature of Fos signal should be kept in mind. Fos has long been studied in detail and the literature is vast. The purpose of this brief review is to provide very basic properties of Fos signal as an activity marker. Further information can be found from excellent reviews on Fos and other immediate early genes (Lyons & West, 2011; Nestler, 2015) .
Calcium influx
Many external stimuli can induce c-fos by increasing neuronal activity (Morgan & Curran, 1991; Herdegen & Leah, 1998) . However, intracellular calcium is the common molecule that mediates synaptic activity to c-fos gene expression (Ghosh et al., 1994) . Because of the diverse effects of calcium, basal neuronal intracellular calcium is kept very low by extrusion to the extracellular space and by uptake into calcium stores (Cohen & Greenberg, 2008 (Liste et al., 1995; Berretta et al., 1997; Parthasarathy & Graybiel, 1997) . In contrast, NMDAR antagonists block Fos expression (Berretta et al., 1992; Ghosh et al., 1994; Berretta et al., 1997; Vanhoutte et al., 1999) . In addition to NMDAR, glutamate can also activate fast-acting AMPA receptors and metabotropic glutamate receptors (mGluRs).
AMPA receptors can also allow calcium influx especially during early development, but in mature neurons the calcium influx through AMPA receptors is limited in function (Derkach et al., 2007) . Still, AMPARs indirectly can contribute to the calcium influx by membrane depolarization to activate NMDARs and VSCCs. Group I mGluRs can increase calcium influx, but the effect on Fos expression is not strong (Wang et al., 2007) .
Voltage dependent calcium channels open with membrane depolarization allowing for calcium influx. The L-type VSCC is involved with immediate early gene expression (Rajadhyaksha et al., 1999) . Basal expression of c-fos is rapidly suppressed by exposure to L-type VSCC antagonists and increased by a VSCC agonist (Murphy et al., 1991) . As an alternative source of intracellular calcium, calcium can be released from calcium stores after neuronal activity, but more studies are needed to understand its contribution to Fos expression (Lyons & West, 2011) .
Signaling pathway
After the local calcium increase around the pore of the channels, the specific functional consequences of calcium influx is determined by the signaling molecules physically associated with the NMDAR and VSCC (Cohen & Greenberg, 2008) . The increased calcium can activate multiple kinase pathways including MAPK, CaMKIV, CaMKII and PKA.
However, Fos expression is mainly mediated by MAPK pathway which is distinct from other pathways (Chaudhuri et al., 2000) . Compared with CaMKIV pathway, MAPK pathway activation is relatively slow, requires strong external stimulation and higher calcium increase (Wu et al., 2001; Deisseroth & Tsien, 2002) . This property can tune MAPK pathway to large and continued neural activity (Murphy et al., 2002; Deisseroth et al., 2003) . (Cossell et al., 2015) . It is a question whether c-fos will behave similarly to Arc, or if the pattern will be quite different.
Fos as a learning marker
Fos signal has been used as neural activity marker for a long time. However, the directional change of Fos signal as Fos+ cell number or intensity to repeated stimuli can be a cellular marker for learning or memory (Fig. 1) 
Future questions

